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2 BEC
$\Psi_{J}=\sqrt{n_{j}}e^{i\phi_{j}}(j=1,2)$ (1)
Gro$S$ s-Pitaevski$i(GP)$ [5]
$i \hslash\frac{\partial}{\partial t}\Psi_{j}=(-\frac{\hslash^{2}}{2m_{j}}\nabla^{2}+V_{j}(r)+\S g_{jk}|\Psi_{k}|^{2})\Psi_{l}$ (2)
$mJ$ $(r)$ $j$
$g_{jk}=2\pi\hslash^{2}a_{jk}/mjk$
$m_{jk}^{-1_{=}}m_{j}^{-1}+m_{k}^{-1}$ $a_{jk}t\ovalbox{\tt\small REJECT} j$ $k$
S- $g_{11}g_{22}>g_{12\text{ }}^{2}$
$g_{jj}>0$ [5]
$\Psi_{j}^{0}=\sqrt{n_{j}^{0}}e^{ik_{1}\cdot r}$
$V_{j}= \frac{\hslash}{m}\nabla\psi_{j}=\frac{\hslash}{m}k_{j}$ $\Psi_{j}^{0}$
$\delta\Psi_{1}=e^{i(k_{j}\cdot r-\mu_{jt})}\{u_{J}e^{i(q\cdot r-\omega t)}-v_{j}^{*}e^{-i(q\cdot\mapsto\omega t)}\}_{0}$ (3)
111
$\Psi_{j}=\Psi_{j}^{0}+\delta\Psi_{j}$ GP $BogoliuboV-de$ Gennes
$\sigma\cdot \mathscr{M}W=\hslash\omega W$ (4)
$\mathscr{M}=(gl2\Psi_{1}\Psi^{0^{2}*}g_{12}\Psi_{0^{1}*}^{1}\psi_{2}^{0}g_{11}(\psi^{0*})^{2}\hat{h}_{1}$ $g_{12}\psi_{1}\Psi_{2}^{2}g_{12\Psi_{0^{1}}^{0}\Psi^{0}}gl1(\Psi_{1}^{0})^{2}\hat{h}_{1}$ $g_{12}\psi_{\hat{h}_{2}^{1}}\psi_{2}^{2_{0*}}g_{22}(\psi_{2}^{0*})^{2}g_{12\Psi_{0^{1}*}^{0}V^{\mu}}$ $g_{12V^{\mu_{\psi_{2}}^{1}}}g_{22}(\psi_{2})g_{12}\psi^{0}\psi_{2_{0}}^{0}\hat{h}_{2}1_{02})$
$\hat{h}_{1}=-\frac{\hslash^{2}}{2m_{j}}\triangle+V_{j}(r)+2g_{jj}|\psi_{j}^{0}|^{2}+g_{ij}|\psi_{i}^{0}|^{2}-\mu_{j\text{ }}$
$W=(u_{2}(r)v2(r)u1(r)v_{1}(r))$ $\sigma=(\begin{array}{lll}1 0 00 0-1 00 00 01 00 0-1\end{array})$
(4) $\sigma \mathscr{M}$
$W$
$m_{1}=m_{2}=m$ $g_{11}=g_{22}=g$ $n_{1}^{0}=n_{2}^{0}=n^{0\text{ }}k_{1}=-k_{2}$
$\omega$
$(\hslash$ $)^{2}= \epsilon^{2}+2\mathcal{E}gn^{0}+\frac{1}{4}|V_{R}\cdot P|^{2}\pm\sqrt{(\mathcal{E}^{2}+2\mathcal{E}gn^{0})|V_{R}\cdot P|^{2}+4\epsilon^{2}g^{2}n^{02}\gamma^{2}}$
$V_{R}=V_{1}-V_{2\text{ }}$ $P=\hslash q$ $\epsilon=\frac{P^{2}}{2m}$ $\gamma=g_{12}/g$
$(\hslash$ $)^{2}<0$
4 $( \frac{P^{2}}{4m^{2}}+\frac{gn^{0}}{m}-\frac{gn^{0}}{m}|\gamma|)<(V_{R}\cdot B)^{2}<4(\frac{P^{2}}{4m^{2}}+\frac{gn^{0}}{m}+\frac{gn^{0}}{m}|\gamma|)$ (5)
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$0$ 1 2345
$P\xi/\hslash$
1 $\hslash/\xi(\xi=\hslash/\sqrt{mgn^{0}}$
) $P$
$c=\sqrt{gn^{0}}/m$ $V_{R}$
1 $\gamma=0.5$ (5)
( ${\rm Im}(\omega)=0$
) 1
$P=0$
$\ovalbox{\tt\small REJECT}_{ritica1}=2\sqrt{\frac{gn^{0}}{m}(1-|]\sqrt{})}$ (6)
2
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$J_{j}= \int dr\frac{\hslash}{2i}(\Psi_{j}^{*}\nabla\Psi_{J}-\Psi_{l}\nabla\Psi_{j}^{*})$
$I$ $=J_{1}+J_{2}$
$\Psi_{J}=\sqrt{nj}\exp(i\frac{mV_{j}\cdot oe}{\hslash})$ $I_{j}^{0}/V=mn_{j}V_{j}$
$V$ 1
(1) (3) $\Psi_{J}=\Psi_{j}^{0}+\delta\Psi_{1}$ $J_{j}$
$\delta J_{j}$ $\delta I_{j}/V=\mathscr{N}(|u_{J}|^{2}-|v_{j}|^{2})$
$q$
$Nj= \int dV|\Psi_{j}|^{2}$
$\delta J_{1}+\delta I_{2}=0$ $\delta J_{j}\neq 0$
$|u_{1}|^{2}-|v1|^{2}=-|u_{2}|^{2}+|v2|^{2}\neq 0$
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2.0
$\ovalbox{\tt\small REJECT}^{:=:}:$
:
0.0 $-16$ $x/\xi$ $|6-|6$ $x/\xi$ 16
$0$ 78 156 234 312 390
$t/\mathcal{T}$
(a) (b)
2(a) 1 $\xi$
$X$ $\tau=\hslash/gn^{0}$ t
$n^{0}=1\cdot 0$ $|V_{R}|/V_{critica1}=1\cdot 39$ $\gamma=0\cdot 5$
(b) 20
1
[6]
2(b)
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$\tilde{\theta \mathscr{C}8}$
a) ( ) (c)
3 3 1 $n=0\cdot 1$ $($ $(a)-(d))$
2 (e) 3 $z=0$ ( ) (
$)$ $n=1.0$ $|V_{R}|/|V_{critica1}|=1\cdot 66$ $\gamma=0\cdot 5$ (a)
$t/\tau=0_{O}$ (b) $t/\tau=40$
(C) $t/\tau=43$ (d) $t/\tau=58$
(e) $t/\tau=58$ 2
3 1
3
3( ) 3 ( )( ) 3 $Z=0$
1
$(b)$ (C)
(d)
2 (e)
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4 2
( )
$r^{-1}$
2 BEC
pj
$(V=(\rho_{1^{V}1}+\rho_{2V2})/\omega 1+\mu))$
( 4) 1
$0$ 10 20 30
$\gamma^{;}$
4 2 BEC $|V|=$
$\sqrt{gn0}/m|v|’$ $p_{1}=mn_{0}p_{1\text{ }}’\rho_{2}=mn0\rho_{2}^{\prime\text{ }}$ p $=$ pl $+\rho$2
$r=\hslash r’/\sqrt{gmn_{0}}$
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2 BEC
2 BEC $87$Rb
$|F,m_{F}\rangle=|1,1\rangle$ $|2,-1\rangle$
2 BEC
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$50a_{h}$
0.0 (b) (d)
5
$n=0\cdot 003$
$m=1\cdot 5\cross 10^{-25}kg$ a $=$ 5.00nm
$N_{1}=N_{2}=1\cross 10^{6}$ $0$} $=2\pi\cross 10$
$a_{h}=\sqrt{\hslash}/m\omega_{\kappa}$ (a) $tw=0\cdot 0$ (b) $t\omega_{r}=1\cdot 0$
(C) $t\omega_{r}=1\cdot 5$ (d) $t\omega’=1\cdot 8$
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